Abstract:
Introduction
The overall air pollution and the adverse effect of pollutants on human health are mainly solved in the Czech Republic during the long-term national monitoring project, the impact of toxic elements is assessed if the total concentrations are regularly determined [1] . For that purpose outdoor air samples are collected on acetylnitrocellulose filters with a diameter of 47 mm and the pore size of 0.45 µm. However, more valuable and reliable information about the potential toxicity and health risk is based on the knowledge of element chemical forms or on the assessment of activity, mobility or bioavailability of trace elements occurring in the air particulate matter. Generally, methods providing useful information about the distribution of analytes in environmental samples are based on a sequential chemical extraction and methods based on the BCR scheme are frequently utilized [2, 3] .
The modified BCR 3-step extraction procedure applied to air particulate matter (APM), fly ashes and homogenized urban dust samples was already described [4] [5] [6] [7] [8] . There are some factors that may influence the reliability of results and should be followed, like contaminations, losses of volatile analyte forms, and also the influence of filters used in the air samples collection. In our recent paper [8] we tested BCR 3-step sequential extraction procedure for the homogenized urban dust sample and for simulated air filters (acetyl-nitrocellulose, diameter of 47 mm and the porosity 0.45 µm) loaded with that urban dust via the wet deposition procedure. The comparison was done for elements As, Cd, Cr, Mn, Ni, Pb and Zn measured in individual fractions. Results indicated significant differences between extracted portions of analytes in urban dust and simulated air filters, the mobility of some analytes in loaded air filters was higher. The presence of different air filters was studied previously by Ehman et Central European Journal of Chemistry al. [9] and by Dyg et. al. [10] and they observed, among others, some reducing effect of the Cr(VI) species on organic (PVC, cellulose, PTFE) filters.
In this study the slightly modified 3-step BCR sequential extraction procedure was applied to the homogenized, jet-milled urban PM (tunnel Letna) and to sieved PM (PKC) from air conditioning system, grainsize <0.063 mm. A comparison was carried out for the extraction in presence of 3 types of organic filters (acetylnitrocellulose, polycarbonate and PTFE). The extraction procedure was also applied to unloaded large acetylcellulose membrane filters (8"×10"sheets) suitable for a High Volume Air Samplers (Andersen Instr., USA), since somewhat higher blanks for Cr were repeatedly noticed in separate observations, and consequently mobility findings could be influenced due to extractable Cr impurities.
More detailed investigation was done to get the information about an occurrence of labile toxic arsenic forms in dust samples and to testing the stability of Asspecies in presence of 3 types of air filters. For that purpose a simple extraction procedure with deionised water was applied to selected urban PM samples, including standard reference material SRM 1648 Urban Particulate Matter [11] .
Experimental procedure

Instrumentation
The determination of high concentrations of Cd, Cr, Mn, Ni, Pb, and Zn in the extracts was carried out by an inductively coupled plasma optical emission spectrometry with axial plasma configuration (ICP-OES -Varian VistaPro, Australia), equipped with an auto sampler SPS-5, at spectral lines λ = 226.5 nm for Cd, λ = 205.6 nm for Cr, λ = 257.6 nm for Mn, λ = 231.6 nm for Ni, λ = 220,4 nm for Pb, and λ = 206.2 nm for Zn. The measurement conditions for all lines were as follows: power 1.2 kW, plasma flow 15.0 L min . Low concentrations were measured using a GF AAS with D 2 background correction (HGA 500 connected with AAS, model 4000 and AS-40 auto sampler, Perkin-Elmer, USA). Arsenic measurements were done with the platform inserted in the tube and Pd-matrix modifier. The total arsenic concentrations in the water extracts were determined by hydride generation atomic absorption spectrometry (Varian 280Z, Varian, Australia), equipped with a continuous hydride generator VGA-77 where a mixture of potassium iodide and ascorbic acid was used for prereduction of the sample, then the extract was acidified by HCl before measurement [12] .
For microwave digestions the Ertec magnum MW mineraliser (model 01-03, Poland) was employed. The extractions were performed in a shaker (LT2, Czech Rep.) and sedimentation in centrifuge (Hettich Universal 30 RF, Germany) at 3000rpm for 10 min.
Arsenic species were performed using a HPLC-ICP-MS technique, a Hewlett Packard 1100 solvent delivery unit (Germany) together with a Hamilton PRP-X100 (USA) anion-exchange column (250 × 4.1 mm i.d., spherical 10-µm particles of a styrene-divinylbenzene copolymer with trimethylammonium exchange sites) were used for the separation of As(III), dimethylarsinic acid (DMA), methylarsonic acid (MA), and As(V) species. An aqueous 0.02 mol L -1 NH 4 H 2 PO 4 solution pH 6.0 at a flow rate of 1.5 mL min -1 served as mobile phase. The column effluent was introduced into the plasma of the ICP-MS (Agilent 7500ce) for arsenic selective-detection [13] .
Air filters: Acetyl-nitrocellulose HATF (AC), 0.45 µm, 47 mm, (Millipore, Ireland), High volume acetyl cellulose filter (HV), 0.8 µm, 8×10" size (Aldrich,Inc.,USA), Polycarbonate membrane filters (PC), 0.4 µm, 47 mm diameter, (Nuclepore, Costar, USA), PTFE membrane filters (T), 0.5 µm, 47 mm, (Whatman, Japan).
Reagents
All reagents and chemicals were of analytical-reagent grade or higher purity.
Ultrapure water with the resistivity of 18.2 MΩ cm was produced by a Nanopure system (Barnstead, USA) and by GORO system (GORO Ltd, Czech Republic).
Agents CH 3 COOH p.a., CH 3 COONH 4 p.a., NH 2 OH•HCl p.a. (Merck, Germany), 65% HNO 3 , 30% H 2 O 2 , 48% HF, Suprapur (Merck, Germany), Pdmodifier, 10 g L -1 , (Merck, Germany). The standard reference material SRM 1648 Urban Particulate Matter was purchased from NIST (NIST, Gaithersburg, USA).
Sample preparation
The first sample of urban dust was collected in the main sedimentation chamber of Prague automobile tunnel, Letna, it was sterilized, sieved, jet-milled twice and homogenized in V-shape blender for 48 h. Details of the procedure of sample preparation were already described elsewhere [14] [15] [16] . Homogeneity tests were carried out using instrumental neutron activation analysis (INAA) and proton-induced X-ray emission (PIXE). The particle size in the final sample was <400 mesh, and by a Mastersizer X device with a He-Ne Laser (Malvern Instruments, UK) the presence of most populated particles -with diameter between 3-4 µm, was discovered.
The second PM sample (PKC) was prepared from urban dust collected from filters of the air conditioner system in building of the Congress Centrum in Prague close to the highway. It was dried at laboratory temperature and sieved twice, finally the fraction with grain-size <0.063 mm was used for experiments.
The determination of total analytes concentrations was done after the microwave assisted oven digestion of 20 mg dust samples in a mixture concentrated acids HNO 3 , HF and H 2 O 2 (5:1:1). The procedure was controlled by SRM 1648 Urban Particulate Matter (NIST, USA). Higher concentrations of Cr, Mn, Ni, Pb and Zn were determined by ICP-OES (Varian, VistaPro, Australia) and lower concentrations were determined by GF AAS, namely As and Cd (HGA 500, AAS 4000, Perkin Elmer, USA ). Details are described in our previous paper [8] . Comparative data were obtained by INAA and PIXE techniques, according to the procedure described earlier [14] . The same digestion procedure was employed in the determination of total analyte impurities in high volume filters.
Sequential 3-step extractions
The urban dust sample (100 mg) was sequentially extracted in centrifuge tubes. Exchangeable fraction F1 was obtained by the sample extraction with 0.11 mol dm -3 CH 3 COOH using a sample mass to solvent volume ratio of 1:50, for 16 h. The fraction F2 bound to Fe/Mn oxides and carbonates was obtained by the extraction with 0.1 mol dm -3 NH 2 OH•HCl using the ratio 1:50 at pH=2, for 16 h. The fraction F3 bound to organic matter and sulphides was extracted in two steps. In the firstly step 8.8 mol dm -3 H 2 O 2 using a sample mass to solvent volume ratio 1:20 was applied. The extract was evaporated at 80°C to get the moist residue, which was then extracted again by 1 mol dm -3 CH 3 COONH 4 employing the sample: solvent ratio of 1:50 at pH =2, for 16 h.
Sequential extractions of the PM sample (100 mg) in presence of 10 filters were done by the same way as described above, only the extraction volumes were increased twice for the reason of filters. These sequential extractions with and without filters were also utilized for As-species investigations.
Unloaded high volume filters (HV), tested for inbuilt impurities significance, were divided transversely into halves by silica knife and weighted, one half was extracted with 40 mL of each extraction agent in 3 steps, the second half was utilized for the total impurities determination.
Water extractions for arsenic species determination
The investigation of water-soluble labile analyte forms in PM is important for the first assessment of the environmental pollution, and for analyte species occurrence studies, because the simple sample preparation promises to find forms unchanged. For our purposes urban PM samples (tunnel Letna, PKC) were extracted with deionised water in ratio 1:100 (w/v) overnight for 16 h [11] . For comparison, reference material SRM 1648 Urban Particulate Matter was extracted simultaneously. Each extraction was provided in three replications. After the centrifugation supernatants were kept at 6°C in a refrigerator until the measurement. Blank extractions were performed by the same way including the same batch of chemicals as for PM samples.
The effect of acetyl-nitrocellulose filters on water extractable arsenic species was tested by two PM samples differing in total arsenic contents and species occurrence: i) standard reference material SRM 1648 Urban Particulate Matter containing 115±10 mg kg -1 As, and ii) fine fraction of PKC urban PM with particle size <0.063 mm containing 25.3 ± 1.1 mg kg -1 As. The extraction of the dust sample (100 mg) in presence of 10 filters was performed by the same way as described above.
Results and discussion
As already mentioned, in our previous paper [8] we have described the influence of acetyl -nitrocellulose filters on extracted amounts of some trace elements, if simulated air filters were treated in the 3-step sequential extraction.
Here in our experiments we tested the influence of 3 types of organic filters -acetyl-nitrocellulose (AC), polycarbonate (PC) and PTFE (T), on sequential extraction results of homogenized PM (tunnel Letna). The same procedure was done with PKC sample if only AC filters were included. The evaluation is associated with total analyte contents of PM samples, summarized in Tables 1A and 1B , and with extracted portions obtained without filters, given in Tables 2 and 3 . The impact of presence of air filters in the extraction procedures is seen in Table 4 . It demonstrates the mobility changes in case of the tunnel Letna sample as follows:
-all types of employed air filters have very similar impact on analyte extracted portions, -in presence of air filters the extracted portions in mobile and potentially mobile fractions increased namely for Cd, Mn, Zn , the mobility alter is visible in fraction F3 for Cr and Ni. In case of the PKC sample, results seen also in Table 4 , significant mobility changes were observed only for Zn in presence of acetyl-nitrocellulose filters (AC). Results calculated in residual fractions F4 (Table 5) indicate that all analytes in the tunnel Letna sample were mobilized in presence of investigated organic filters during the 3-step sequential extraction procedure at least by 10% (Cd), and almost by 40% for Mn and Zn. On the other hand, in the PKC sample, only Zn was mobilized, by 23%, changes in the mobility of other elements are not substantial.
Considering the difference between both urban PM samples like is the origin and the different way of preparation, the explanation for obtained results could be proposed. The PM tunnel Letna, is homogenized and mechanically grinded sample and shows higher reactivity for some analytes in presence of tested filters. There may be the participation of several reducing and oxidizing substances in the sample, e.g. SO 2 , NO x , O 2 , O 3 , Fe 2+ etc., and hence reduction and/or oxidation reactions are expected with employed air filters, which are not binderfree [10] . Similarly, it was already proved by Katterman et al. [17] , that mechanical grinding of some PM samples affects the reactivity of particles, the formation of free radicals can be induced and hence significantly alter the PM toxicity.
It is obvious that more research should be done in sampling of air, and to mobility, bioavailability and harmful impact assessment, if studied via sequential extraction procedures. In consequence of it, the verification of such procedures is a challenging task because getting true information about analyte modes of occurrence is more than desired.
In this study more attention was given to the appearance of arsenic species since especially inorganic forms (iAs) are a serious human toxicant. As can be seen in Tables 2-4 , arsenic is not extensively mobilized analyte, but in the PKC its mobility is some what higher than in the tunnel, Letna, sample. The PKC arsenic species occurrences in 3-step extraction solutions were distinguished and the impact of AC filters was included as well (see Fig. 1 ). As can be seen, As(V) prevails significantly in all fractions, As(III) is also determined well and some organic forms (DMA and MA) are detectable in fractions F1 and F2. Not any impact of AC filters on As-species occurrence is observed. Here, it should be mentioned, that in AC filters measurable As-blanks originated from As(III) and were found in each fraction.
In water extracts of both PM samples the As(III) specie was obviously detected, as seen in Fig. 2 and Table 6 . The As(III) content in the extract of tunnel, Letna, sample was 0.195 mg kg -1 with RSD = 6.3%, representing 0.8% of the total As content in sample. Similar results are given in Table 6 for the PKC sample. On the opposite side, in water extracts of SRM 1648 Urban Particulate Matter 33.1 mg kg -1 As (V) was found, representing 29% of the total As content (115.5 mg kg -1 ). As shown in Fig. 2 , arsenate is the dominant As specie in SRM 1648 (93% of the extractable As), arsenite stands for 6% and traces of other species (less than 1% of DMA and MA) are seen. In Table 6 , measured pH values of water extracted solutions can be compared and given differences in acidity are obvious.
Although urban PM belongs to the most frequently investigated environmental matrices the arsenic speciation in these samples is very scarce. MoscosoPerez et al. [18] described the development of a chelating solvent-based pressurized liquid extraction (PLE) method for the simultaneous extraction of As and Se species [As(III), As(V), Se(IV) and Se(VI)] in atmospheric particulate matter (PM 10 ). In all the atmospheric particulate matter samples that were analysed, As(V) was the major species found. De la Campa et al. [19] extracted the arsenic species from the PM 10 fraction using a NH 2 OH HCl solution and sonication, and determined them by HPLC-HG-AFS. This analytical method also showed dominating arsenate among the species determined and is in good agreement with our results in 3-step extractions. In water solutions we determine only very labile arsenic forms and the water extraction is difficult to compare with mentioned published data, but the pH of the solutions is probably an important factor relating As-species occurrence in solutions. Our results indicate that arsenic bioavailability and/or speciation is dependent neither on the total arsenic content nor on the particle size of PM, but the sample origin and the method of treatment seem to be the determining factors. Similarly Varrica et al. [20] classified arsenic among the elements independent on the PM size fraction. De la Campa et al. [19] even supposed that the As(III)/As(V) ratio may be considered as a fingerprint of the origin of the particulate matter. The SRM 1648 (NIST) was prepared from urban particulate matter collected in a specially designed bag house (see the certificate issue) and the diesel soot is described as an important source of As in dust with heavy traffic [21] . It seems that the better characterization of our samples with respect to organic matter and petrographic analyses could help in deeper understanding of our findings and should be the experimental field for future investigations.
The effects of AC filters on arsenic speciation in water extracts was tested on the PKC urban PM with particle size <0.063 mm, results are summarized in Table 6 . Here the content of As(III) in the extract was 0.633 mg kg -1 representing 2.5% of total As content in the sample and small amounts of other species (<0.1%) were also identified. Results again confirmed the differences in arsenic species distribution within PM samples of different sampling and origin. Contrary to the sequential extraction procedure the water extractable arsenic portions remained unchanged in presence of AC filters including the proportions of individual arsenic species. The results suggested that the application of Table 3 . Distribution of analytes in PKC urban PM, particle size <0.063 mm, sequential extraction procedures (% of total content). 
Fraction
PC -polycarbonate, T -PTFE, AC -acetyl-nitrocellulose
mild extraction procedure such as deionised water did not result in the significant impact of air filters on extractable portions of arsenic and its species. Few experiments were focused on possible analyte blanks built in air filters. Ten sheets of acetyl-cellulose HV air filters taken from three batches were tested for different analyte impurities. Among selected trace elements, described above, the highest total content was found for Cr, in the range of 0.81-16.1 µg per filter (the highest impurity content, up to 127 µg per filter was found for Ca). Since Cr, a toxicologically important analyte, is investigated in several air projects, where the analyte forms and possible bioavailability are studied, the reliability of such results should be mentioned. Two unloaded HV filters with relatively high Cr content, 10.4 and 16.1 µg per filter, were treated in 3-step sequential extractions. Chromium impurities are leaching mostly in the fraction F3, extracted portions of Cr are even 86-88% of the total content. It was found, that HV filter impurities varied not only among batches but also in the frame of one batch. As a consequence of it, obtained Cr results in air samples could be misinterpreted since corrections for blanks are here out of function. It could be concluded, that the reliability of Cr results (potentially of other trace elements) in air samples and the mobility assessment could be reduced due to impurities built in some filters needed in air sampling procedures.
Validation of procedures
The reliability of the procedure for total analyte contents was verified by certified reference material NIST 1648 Urban Particulate Matter, recommended and used for evaluation of air PM analysis. The verification of BCR extractions applied to PM samples is still a challenge task because commercially certified reference materials are not available for that kind of matrix. For that reason our results were compared with results obtained by capillary electrophoresis (CE), published by , and satisfactory agreement was obtained, as seen in earlier paper [7] . For the investigation of accuracy of As species determinations in extracted solutions suitable certified reference materials are completely missing on the market. Results of As species measured by hyphenated HPLC-ICPMS technique were controlled by the method of standard addition, if 10 μg L -1 of each investigated As species was added to 
Conclusions
1. No any impact of common types of organic air filters on the mobility and species occurrence of investigated analytes in PM samples is observed. The reliability of results may be influenced by presence of analyte impurities built in some filters since their content changes in the frame of one batch and also among batches and hence any corrections are impossible.
2. Results indicate that the main determining factors for observed differences in analyte distribution and arsenic species occurrence in investigated PM samples aredifferent in origin, the way of sampling and/or the samples treatment.
